
• 

{K 

Research and Development Technical Report 

ECOM 

HIGH VOLTAGE BREAKDOWN 
STUDY 

ADDENDUM TO FINAL REPORT 

Prepared by: 

ION PHYSICS CORPORATION 

BURLINGTON. MASSACHUSETTS 

MARCH 1970 

DISTRIBUTION STATEMENT 

This document has been approved for public 
release and sale; its distribution is unlimited 

ECOM 
UNITED STATES ARMY ELECTRONICS COMMAND • FORT MONMOUTH, N.J. 07713 

Reproduced by the 
CLEARINGHOUSE 

for Federal Scientific & Technical 
Information Springfield Va. 22151 D D C 

W    SEP H t9TO 

a 

': 

. --.. -Wioä&to.-, ^ 



• 

NOTICES 

Disclaimers 

The findings in this report are not o be 
construed as an official Department to 
the Army position, unless so designated 
by the authorized documents. 

The citation of trade names and names 
of manufacturers in this report is not to 
be construed as official Government in- 
dorsement or approval of commercial 
products or services referenced herein. 

Disposition 

Destroy this report when it is no longer 
needed.   Do not return to the originator. 



Technical Report ECOM March 1970 

HIGH VOLTAGE BREAKDOWN STUDY 

Addendum to Final Report 

Contract No. DA-28-043-AMC-00394(E) 
AMC Task No. 7900.21.243.40.00 

Prepared for: 

U.S. ARMY ELECTRONICS COMMAND 
FORT MONMOUTH, NEW JERSEY 

Sponsored by: 

ADVANCED RESEARCH PROJECTS AGENCY 
ARPA Order No. 517 

Prepared by: 

W.R. Bell, P.C. Bolin, M.J. MulcahyandF. Y. Tse 

ION PHYSICS CORPORATION 
BURLINGTON, MASSACHUSETTS 

DISTRIBUTION STATEMENT 

This document has been approved for public 
release and sale; its distribution is unlimited. 

-•^  ■ ■'- ' ■ i l ;- •" i ■■■■■•■■" iiif-iittaMiaitiiviifit'iiiiTiiii-iirriir i    • 



... 

TABLE OF CONTENTS 

Section Page 

1 INTRODUCTION  1 

2 ENERGY CONDITIONING STUDY  1 

3 BARIUM CONTAMINATION STUDY  2 

iü 

 --ir 



LIST OF ILLUSTRATIONS 

Figure Page 

1 Conditioning Curve for 4-Inch Diameter Bruce Profile 
Electrodes - Stainless Steel (304) Anode and Aluminum 
Cathode at .75 cm Gap  3 

2 Conditioning Curve - 4-Inch Diameter Bruce Profile 
Electrodes Anode and Ti-7Al-4Mo Cathode at .75 cm 
Gap  4 

3 Conditioning Curve - Molybdenum Anode and 
Ti-7Al-4Mo Cathode 2-Inches Diameter Uniform 
Field Electrodes at . 75 cm Gap  5 

4 Conditioning Curve - Tungsten Anode and Ti-7Al-4Mo 
Cathode 2-Inches Diameter Uniform Field Electrodes 
at . 75 cm Gap  6 

5 Molybdenum Anode versus Ti-7Al-4Mo Cathode 
Showing Limitations Imposed by Anode Heating         7 

6 Breakdown Voltage versus Square Root of the Gap - 
4-Inches Diameter Bruce Profile Electrodes - Lead 
Anode and Ti-7Al-4Mo Cathode - After Conditioning - 
Low Energy Discharges - Points are the Average of 
Nine Breakdowns  8 

7 Conditioning Curve - 4-Inches Diameter Bruce 
Profile Electrodes Anode and Cathode OFHC Copper - 
Barium Contamination of Anode - Leak During Bake         9 

8 Conditioning Curve - 4-Inches Diameter Bruce 
Profile Copper Electrodes .25 and .75 cm Gap - 
Barium Contamination of Cathode        10 

9 Conditioning Curve for 1.28-Inch Diameter Bruce 
Profile Electrodes of Nickel at .75 cm Gap with 
Heavy Barium Contamination of Cathode (at 2 mm)        11 

iv 

■   ■:    ■■        ..■...-■ .    .     .   ,   :;.    .■ 



1. INTRODUCTION 

Experimental work of the "High Voltage Voltage Breakdown Study" 

was carried out from 15 November 1965 to 15 November 1969.   The details of 

experimental procedures and results have been reported in 19 Quarterly Progress 

Reports which cover the period to 15 August 1969.   The results of the final quar- 

ter have been summarized in the Final Report, but no formal 20th Quarterly Pro- 

gress Report was required.   In order that the data obtained in this final quarter 

be available on a par with that of previous quarters, this addendum to the final 

report contains additional data from the period 15 August 1969 to 15 November 1969. 

A brief discussion of this data is included. 

2. ENERGY CONDITIONING STUDY 

The extension of the energy conditioning study to a detailed investi- 

gation of the effect of anode material under high energy discharges has been 
presented in Section 10.9. 

In this addendum the details of four treatments with the following 

electrode combinations are presented: 

Anode Cathode 

Figure 1 304 Stainless Steel Aluminum 

Figure 2 Lead JTi-7Al-4Mo 
Figure 3 Molybdenum Ti-7Al-4Mo 

Figure 4 Tungsten Ti-7Al-4Mo 

The treatments with Molybdenum and Tungsten anodes used disks of 

the metal 0.25 inches thick mounted on stainless steel electrodes.   The edges 

were radiused so that a uniform field would result in the gap.   These were used 

due to unavailiabiiity of larger sizes of molybdenum and tungsten. The predicted 

maximum breakdown voltage for these metals was somewhat higher than was 

actually obtained (see Section 10.9).   This disparity is thought to be due to long 



term general heating of the anode.  The 0.25 inch thick by 2" diameter disks 
were heated by prebreakdown field emission currents to a red heat in times 
short compared to those necessary to significantly raise the average temperature 
of the massive 4" diameter electrodes used in other tests.   Figure 5 shows this 
excessive heating of the anode — the active disk is red hot while the large stain- 
less steel mounting electrode is relatively cold.  Thus it can be concluded that 
cooling of the anode (either by external means or by virtue of a much larger mass) 
would result in maximum breakdown voltages much closer to those predicted. 

The treatment with a lead anode had the predicted low level of maxi- 
mum breakdown voltage.   Additional tests with this electrode pair explored break- 
down voltage as a function of gap from . 25 to 4.5 cm.  It was found that under 
low energy discharges the breakdown voltage at any gap in this range was well 
defined and repeatable.  The dependence on the square root of the gap is given 
in Figure 6.   As can be seen the fit is extremely good from 1.0 cm to 4.5 cm. 

3. BARIUM CONTAMINATION STUDY 

Detailed results of treatments discuss ^d in Section n of the Final 
report are presented in Figures 7 through 9. 
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(a)   Upper Electrode-Molybdenum 
Anode on Copper Mounting; Lower 

Electrode-Ti-7Al-4Mo Cathode 

(b)   Molybdenum Anode Glowing 
Red Hot (Note Reflection 

on Cathode) 

(c)   Front View of Molybdenum 
Anode After Testing 

(d)   Front View of Ti-7Al-4Mo 
Cathode After Testing 

Figure      5       Molybdenum Anode vs Ti-7Al-4Mo Cathode 
Showing Limitations Imposed by Anode Heating 
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